ABSTRACT
INTRODUCTION
The knowledge of physiological processes for tropical forest species, especially responses to light, is important for preservation of plants with economical potential. It is also important in the production of young plants for reforestation projects. Natural gaps are important for the internal regeneration of tropical forests (Vázquez-Yanes and Smith, 1982) . Differences in light quality and quantity under forest gaps and canopies have direct effects on seed germination, seedling growth and establishment (Marquis et al., 1994 ).
The phytochrome is responsible for the perception of light environment (Smith, 1994) . This photoreceptor detects a shade inducing changes in the metabolism and development (Casal and Sánchez, 1998) . The red:far-red ratio (R:FR) is reduced under dense canopy when compared to open areas. Due to this reduction plants detect shade and reflection produced by neighbouring plants (Ballaré and Casal, 2000) . The first photomorphological response to shade (low R:FR) is the shoot elongation (Smith, 1994) which is in several cases, accompanied by reduction in ramification and number of leaves (Rakocevic, 1997) and increase in the individual leaf size and petiole length (Gautier et al., 2000) . Phenotypic plasticity can be defined as the capacity of a genotype to produce different phenotypes adapted to different environments (Aphalo et al., 1999) . The classic example of phenotypic plasticity is the dichotomy between sun and shade leaves. This difference can be expressed not only in plants of the same species growing in different light environment, but also inside the canopy of the same plant, depending on the position of the leaf. Leaves positioned at the low portion of the canopy respond to reduced photosynthetic photon flux density (PPFD) and R:FR ratio, which affects directly their development (Richardson et al., 2001 ). The leaf carbon assimilation depends on distinct environmental, physiological and morphological characteristics, as is the leaf ability to intercept light, determined by leaf area, geometry (petiole inclination and leaf angle), structure, characteristics related to light (absorption, transmittance and reflection) and plant developmental stage. Considering light environment, the CO2 assimilation is influenced by changes in PPFD, but not by R:FR ratio (Heraut-Bron et al., 2001) in majority of species. The R:FR ratio improves the light interception area by modifying leaf morphology. The photosynthetic properties of leaves change with the PPFD incident on leaf surface (Givnish, 1988) , widely studied linkage (Kull and Kruijt, 1998) . The morphological acclimation of leaves regulates the light interception by individual leaf of a single plant. The PPFD at the level of shade leaf can be up to 20 times lower than the level at the sun leaf, and the morphological plasticity of branches can reduce those differences to light interception up to 12 times (Planchais and Sinoquet, 1983) . Cedrela fissilis Vellozo (Meliaceae), known as "cedro rosa" in Brazil, is an early secondary species or a late secondary species. It develops well inside a primary tropical forest and has high aggressiveness in secondary forests. It is widely distributed in all tropical vegetation, except in the Cerrado. The tree shed leaves in dry and cold season, and grows to 10 to 25 meters in height. The wood is light, soft and easy to be worked. It is an important species in the reforestation programs (Carvalho, 1994) . Young C. fissilis plants are found frequently in the border of forest and gaps, which allows the seedlings to receive direct sun light. The purpose of the present work was to determine the morphological and physiological responses of C. fissilis seedlings to shade and full sun and acclimation of leaves to simulated conditions of radiation under opening and closure of gaps of the canopy, by analysis of photosynthetic rates of leaves, and by growth analysis.
MATERIAL AND METHODS
Seeds of C. fissilis were collected from trees grown in Itirapina, São Paulo (22° 15' S, 47° 42' W). Five seeds each were planted in 180 plastic pots (5l) containing a mixture of clay and humus (2:1). Ninety vessels were maintained at the east border of the forest (sun treatment) and 90 vessels under canopy (shade treatment), in the dense forest uniform park site at UNESP Campus (22° 23' S, 47° 42' W). Emerged seedlings were counted daily to calculate germination percentage and germination rate. After one month, seeds were sown in all treatments the seedlings were trimmed and only one seedling was maintained in each vessel. The vessels were watered daily. The morphological parameters analysed every 15 days during six months were: seedling height, stem diameter at soil level and number of leaves. Every two months, ten seedlings were collected from each treatment for destructive analysis of leaf area with the aid of a CI-202 Area Meter (QC CID Inc.), fresh and dry weight of roots, leaves and stems and root length. The growth parameters analysed were: relative growth rate (RGR) calculated according to Leopold and Kriedemann (1978) , RGR=(lnW 2 -lnW 1 ):(t 2 -t 1 ); leaf area ratio (LAR) LAR=leaf area:dry mass, according to Wareing and Phillips (1970) Hunt (1982) ; root aerial part ratio (RAP), RAP=root dry mass:aerial part dry mass; root mass ratio (RMR), RMR=root dry mass:total dry mass; stem mass ratio (SMR), SMR=stem dry mass:total dry mass; leaf mass ratio (LMR), LMR=leaf dry mass:total dry mass; leaf mass per area unit (LMA), LMA=leaf dry mass:leaf area according to Walters and Reich (1996) . Net photosynthesis (Pn) of 10 seedlings was measured using a LI-6200 (LI-COR, USA) photosynthesis system, with four readings for each leaflet, each of 5 seconds duration. The R:FR ratio was determined by LI-1800 (LI-COR, USA) spectroradiometer. During the determination of photosynthesis rate, PPFD and the temperature at leaf level were measured with the LI-6200. The potential of adaptation to different conditions of light at the level of the same leaf was analysed by measuring photosynthesis in ten sun and shade plants in three settings: 1/ natural environment during the morning and afternoon, 2/ in a glass house with neutral shade for determination of photosynthesis rate at limited conditions and 3/ at noon, on the open area, at unlimited conditions of light. The potential of adaptation to disturbed conditions at simulated gap opening and gap closure were determined by maintaining ten sun plants under canopy shade and ten shade plants in sun conditions. After 15 days, the photosynthesis rate, PPFD at leaf level and morphological parameters were determined. Leaf chlorophyll content was determined in five 11 cm diameter leaf discs extracted with 80% acetone with CaCO 3 (Arnon, 1949) . After centrifugation (2000xg, 5 minutes) the final volume of supernatant adjusted to 20ml and the A 645 nm and A 663 nm were determined in a FEMTO spectrophotometer (Brazil) for determination of chlorophyll a, b and total contents. The results were analysed by StudentNewman-Keuls One Way ANOVA tests.
RESULTS
All seeds started to emerge fifteen days from sowing and no difference was observed either in percentage germination or in germination rate between sun and shade plants. Growth of plants maintained at the forest border, was faster than others maintained under shade (Fig. 1 ). This slow growth was probably caused by diminished PPFD and spectral alteration. In sun treatment PPFD and R:FR ratio were 23.9-649.7µmol.m -2 .s -1 and 1.15-1.27, respectively. Under canopy the PPFD attained 1.8 -2.24µmol.m -2 .s -1 and R:FR ratio of 0.21-0.36 (Table 1) . Thirty day-old seedlings presented a lower stem height under sun than in the shade, due to etiolation of shade plants (Fig. 1A) . Later, stem elongation of sun plants was very fast, and after 90 days, the height attained was statistically different from that of shade plants. The difference in elongation rate was maintained until the end of the experiment (Fig. 1A ). Stem diameter of sun plants was statistically greater, even after 30 days (Fig.  1B ) attaining a diameter of 1.8 to 16mm after 225 days, compared to shade plants (average 1 to 3.5mm). The number of leaves of sun plants was, on average, twice of shade plants (Fig. 1C) , while the leaf area was ten times greater. Dry mass of hypocotyls was lower in shade-grown plants (Table 2) . Generally, the biomass produced by shade plants was lower. The shade plants started root development between 60 to 90 days of experiment ( Fig. 1D ) while under full sun increase in root length was constant until the end of experiment. (Fig. 2C) . After 150 days showed practically no modification (Fig. 2B and Table 2 ). NAR, which represented the net efficiency of plants in dry mass production, was greater in sun plants, related to increase of leaf mass (Fig. 2C) . NAR as the physiological leaf performance parameter, showed no significant oscillation in time for both sun and shade plants. Sun plants AGR increased during the growing period, while shade plants AGR was almost low and constant (Fig. 2B ). The shade plants had a low RAP (Fig. 3A) , indicating that those plants allocated relatively more of biomass to aerial part than to roots. Also, they developed thin leaves with low SLA (Fig. 3C) , with high LAR (Fig. 3B ) and invested greater portion of total dry mass in leaf dry mass compared to plants grown in the forest border. Analysis of biomass allocation showed that after the 90-day period a higher portion of carbon was invested into leaves, mainly in shade plants (Table 3) . , Fig. 4A ). In shade plants, only the young leaves showed adaptation to increased radiation; the others became senescent during the 15-day period of changed light environment. Therefore, young leaves rapidly reached the full capacity of plants to grow in forest border (Fig. 4C) . On the other hand, sun plants transferred to canopy shade did not lose their leaves so rapidly. But they also became yellowish and the photosynthetic response was five times lower than that of plants maintained under full sun. They even did not attain the response of shade plants, showing a significant 40% reduction in Pn when compared to shade plants (Fig. 4C) . Chlorophyll (Chl) a and b content and Chl a:b ratio, calculated on a leaf area basis, were not statistically different, although they showed a tendency to be higher in sun plants than in shade plants (Fig. 4D) . Leaf area increased constantly ten times more in sun plants until 210 th day (Fig. 4C) (Fig. 5) and Pn (Fig. 4D ).
DISCUSSION
The light conditions for C. fissilis were similar to those measured in Santa Genebra forest, Campinas district, Brazil, where R:FR ratio of 0.4-0.74 was observed, and attained 1.22-1.44 in open area (Souza and Valio, 1999) . Growth of the tropical shrub Psychotria aubletiana (Rubiaceae) is affected by habitat (Amézquita, 1998) . In gaps and borders of forest the relative growth of this species is higher than that one under the canopy. C. odorata, was considered as a species dependent on light in rain forests, and the gaps positively influenced its growth only during the wet season (Gerhardt, 1996) . The stem elongation of 30-days-old seedlings (Fig.  1A) and low dry mass of shade C. fissilis hypocotyls (Table 2 ) indicated a typical photomorphogenetic response to low R:FR ratio, where probably only cell elongation occurred without cell division. Kitagima (1994) noted the same response in Ochroma, Ceiba and Pseudobombax, and gave the conclusion that it was the unique response to low R:FR ratio in the low canopy level. The modification in elongation response of C. fissilis sun plants showed the similarities with C. odorata, whose seedlings in canopy gaps were taller than under the forest canopy (Poorter and Hayahida-Oliver, 2000) . In a study of effect of the light environment on young plants of C. odorata, Diosporus digyna and Pouteria sapota in primary and secondary forest and pasture (Ricker et al., 2000) , C. odorata grow fastest in gaps, and the highest growth occurred when they were in gaps of up to 78% of canopy openness, confirming the light dependence for growth of the species. In advanced growth, stem elongation of C. fissilis (Fig. 1A) was limited by light resource availability (Table 1) . Faster growth in stem diameter of sun comparing to shade plants (Fig. 1B) produced more vigorous plants. The stem diameter of Croton urucurana (pioneer species), Peltophorum dubium, Lonchocarpus muehlbergianus (early secondary species), Tabebuia impetiginosa and Genipa americana (climax species) was higher under full sun and under 40% of artificial shade, than in natural shade (Moraes Neto et al., 2000) . In the same experiment, the height of pioneer species was similar under both light treatments; secondary species and Tabebuia impetiginosa (climax) elongated the stem better under full sun and at 40% shade. The number of leaves and leaflets under full sun was, on average, twice that of shade plants (Fig.  1C) . Some other tropical species showed the similar response, as in C. odorata, which increased twice the number of leaves growing in gaps when compared to shade grown plants (Pooter and Hayahida-Oliver, 2000) . The leaf area in shade plants was restricted up to ten times in young plants of C. fissilis (Fig. 4B) , that was common to many others species of tropical forests, as Psychotria aubletiana (Amérzquita, 1998) , and for species differing in successional status (Souza and Válio, 2003) .
The underground growth of C. fissilis measured by root development and root mass evolution ( Fig.  1D and Table 2 ) occurred in the similar trend as in C. odorata (Poorter and Hayahida-Oliver, 2000) . The higher length of root occurred in sun grown plants suggesting that it explored a larger area and depth of soil for humidity and nutrients, guaranteeing its possible survival during dry season compared to the less developed root system under shade. The RGR of C. fissilis (0.011-0.48) stayed in the interval of RGR determined for tropical species (0.03-0.089) reported by Paulilo et al. (1993) . C. fissilis showed increasing RGR values between 90 th and 150 th days ( Fig. 2A) . Similar effect of latter reduction of RGR was noted in young plants of Cedrelinga catenaeformis, where RGR was even reduced in all light treatments (0, 30, 50 and 70% shading) during an initial period of 30-90 days. Thereafter during 90-120 days, RGR increased specially in plants grown under the 50 and 70% of shading (Farias et al., 1997) . The pioneer species (Cecropia pachystachya and Schizolobium parahyba) invested the carbon preferentially in aerial growth than in roots under sun, while the shade tolerant species (Myroxylon peruiferum and Hymenaea courbaril) reduced proportionally the investment in aerial growth, investing more in other compartments, for their maintenance under the shade (Souza and Valio, 1999) . Considering that the shade plants of C. fissilis after 150 days showed practically zero growth (Fig. 2B ) and that the carbon is invested preferentially in leaves, the growth analyses lead to its classification as relative shade intolerance characteristics. Also, shade tolerant species allocate more resources for leaf production, with higher LMR and RAP and relatively low root mass (Agyeman et al., 1999) . This is the phenotypic response of species adapted to shade (Kitagima, 1994) , due to the increased photosynthetic rate in relation to respiration on whole plant level, contributing to maintenance of positive carbon balance and maximizing growth under shade. The NAR determines the total plant growth, and it is coherent with estimations of energy system conservation in secondary forests (Ackerly, 1996) . Therefore, LMA always increases to compensate the low radiation level, and RGR is less sensitive than NAR to reduction in radiation. NAR and RGR were lower under shade in C. fissilis, performance that generally characterized shade plants (Souza and Válio, 2003) .
Under shade conditions, C. fissilis showed positive net photosynthesis even under a radiation level equal to light compensation point of the majority of plants, showing a strategy of shade adapted species (Pastenes et al., 2003) . Plants grown in forest and exposed to sun radiation inside greenhouse and under midday sun, showed a restricted Pn compared to sun plants (Fig. 4A) probably due to the photoinhibition in order of few hours (Karim et al., 2003) . On the other hand, leaves of C. fissilis sunny plants had the ability to respond to strong light. Low photosynthetic rate of C. fissilis shade seedlings (Fig. 4A) , which maintained the slow developed plant leaf structure (Fig. 4B) , reduced RAP (Table 3) and RAP (Fig. 3A) , indicate that they allocated relatively more of biomass to aerial part than to roots. Generally, plants under the shade invest more in leaves, to optimize light interception (Kasperbauer and Karlen, 1994) . The paradigm of optimization has faced severe criticism, due to its tendency to isolate one individual character of an organism integrated to light environment (Valladares and Pearcy, 2000) . Investment in leaves for better light interception competes with a water uptake function (Rajcan and Swanton, 2001 ). Usually, leaves developed under reduced light quantity, present higher total Chl content than leaves under full sun (Ribaski, 2000) . This outcome appears because Chl is constantly synthesized and decomposed under light. When submitted to a high light flux the rate of decomposition still is higher (Kramer and Kozlowski, 1979) . In C. fissilis, where similar content of Chl was observed in sun and shade plants (Fig. 4D) , the Chl content did not change under modified light microclimatic conditions in adaptation of photosynthetic apparatus from sun to shade, (Fig. 4D) , for the maintenance of Pn (Fig.  4B ) above the light compensation point. Moreover, when of sun plants were shaded, the content of Chl b increased and the Chl a:b ratio decreased (Fig. 4D ), but no significant difference was detected under tested conditions (Fig. 4D) . Concentration of pigments calculated on a fresh weight basis in mahogany and Coumarouna odorata leaves, was highest in shade grown plants, but when calculated on a leaf area basis were similar (Gonçalves et al., 2001 ) in trees grown under shade and full sun as reported here in C. fissilis. The acclimation of two shrub species tolerant to shade, with a life span of 2 and 5 years, (Kursar and Coley, 1999) was different. Both species showed photoinhibition, when shade leaves were transferred to full sun. After 17 days the species with the shorter leaf life span (Hybanthus prunifolius) lost all leaves. This species has the high degree of plasticity, compensating the initial drop in leaf area by increase in the photosynthetic rate. The plants were well developed, with new structure, after three months under sunlight. C. fissilis showed a similar tendency in morphological and physiological responses. Considering that the adaptation occurs on still developed modules and on those to be developed (Strauss-Debendetti and Bazzaz, 1991) , the physiological plasticity of C. fissilis leaves could increase its morphological and physiological adaptation in canopy gaps (Fig. 5) . Cedrela fissilis is a species with the capacity for adaptation to different light conditions. It germinates under both light and shade conditions, but grows very slowly under shade, waiting for the opening of gaps in forest canopy to increase the rate of development. The physiological plasticity of C. fissilis is less conservative than its morphological plasticity, considering the fast adaptation of gas exchange to relatively rapid change in radiation (one day scale). On the other hand, plants transferred from shade to sun, lost all their old leaves during a 15 day-period, not preserving the previous morphology, but adapting young leaves to the new conditions, both in morphology and in net photosynthesis rate. When transferred to shade, sun plants did not lose the leaves. But they did not attain the photosynthetic response of plants maintained in shade, which explained the preservation of a large leaf area to compensate the low Pn. Inoue (1980) reported that C. fissilis presented the ability to acclimatize to light and that at high temperature, high light irradiance was necessary for maximum productivity and although C. fissilis was able to adapt to different light conditions, it showed an umbrophilous character. Our results show that C. fissilis grown at different light conditions has the ability of physiological adaptation in the short-term scale run, and changes its morphology in the long run.
RESUMO
Cedrela fissilis foi semeada e mantida em dois ambientes de luz: na margem leste (tratamento sol -razão vermelho: vermelho extremo da radiação solar direta foi 1,15) e sob dossel de floresta (tratamento sombra -radiação fotossinteticamente ativa reduzida de 0.22 a 7% da radiação direta e razão vermelho:vermelho extremo de 0,21 a 0,36). O crescimento em altura e diâmetro do caule no sol foi mais rápido, o desenvolvimento do sistema radicular continua, o número de folhas foi em média o dobro das de sombra, quanto à área foliar foi 10 vezes maior em plantas de sol com 15-25 folíolos por folha, enquanto as plantas da sombra desenvolveram de 5 a 10. Nas plantas de sombra, as maiores proporções de matéria seca foram investidas em parte aérea. A capacidade de troca de gases das plantas da sombra expostas na radiação alta não aumentou. Quando plantas de sombra foram transferidas ao sol e mantidas por 15 dias, apenas as folhas jovens se adaptaram às condições de radiação aumentada, atingindo a capacidade de resposta das folhas das plantas de sol, enquanto as folhas mais velhas caíram. As plantas de sol transferidas para a sombra não perderam as folhas, mas não atingiram a resposta das plantas de sombra.
